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SUMMARY  PAGE 


THE  PROBLEM 

Recent  investigations  have  advanced  our  knowledge  of  counterrolling  and  its 
measurement.  This  report  represents  a  further  attempt  with  more  precise  techniques  and 
several  carefully  selected  labyrinthine  defective  (L-D)  subjects  to  define  the  reliability 
and  validity  of  counterrolling  as  a  functional  test  of  the  otolith  organs. 

Ocular  counterrolling  as  a  function  of  head  (body)  tilt  In  the  frontal  plane  was 
measured  in  nine  healthy  persons  and  ten  deaf  subjects  with  bilateral  loss  of  function  of 
the  semicircular  canals;  the  functional  status  of  the  otoliths  was  unknown. 

FINDINGS 

A  photographic  technique  was  used  taking  advantage  of  natural  landmarks  on  the 
iris  which  ensured  a  high  degree  of  reliability  In  measurotion.  Measurements  of  several 
photographs  at  each  body  position  disclosed  a  small  but  significant  variation  in  both 
groups  of  subjects  which  was  interpreted  as  "instability"  of  torsional  eye  position;  it  was 
approximately  the  same  upright  as  in  the  tilt  positions  (25®,  50°,  and  75°  left  and  right). 

The  findings  In  the  normal  subjects  revealed  a  characteristic  pattern  of  counter¬ 
rolling.  Torsion  as  a  function  of  tilt  rightward  or  leftward  was  greatest  in  the  first  25 
degrees  from  the  upright,  less  from  25  to  50  degrees  where  it  usually  reached  peak  valu^ 
and  thereafter  In  mast  cases  tended  to  reverse  direction.  There  were  significant  right- 
left  differences  In  some  cases  but  not  in  others.  The  average  maximum  value  (counter¬ 
rolling  "index"  Cl,  of  otolith  function)  calculated  as  one-half  the  difference  between 
right-left  torsion,  ranged  from  286  to  465  minutes  of  arc. 

The  findings  in  the  L-D  subjects  did  not  disclose  the  characteristic  pattern  found  in 
normal  subjects  in  most  instances,  and  the  Cl  ranging  from  30  to  176  minutes  of  arc, 
showed  no  overlap  with  the  normals.  In  some  instances,  there  was  no  definite  evidence 
of  counterrolling,  in  others  it  was  limited  to  one  direction  of  tilt,  and  in  still  others  there 
was  a  small  but  regular  dependence  of  counterroll  with  the  successive  increases  in  bodily 
tilt.  The  highly  significant  group  differences  must  have  been  due  to  loss  of  function  of 
the  auricular  sensory  organs,  and  intraindividual  differences  in  the  L-D  group  are  best 
explained  by  the  presence  of  some  residual  otolith  function. 
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INTRODUCTION 


Recent  reports  (1-4)  from  this  laboratory  have  reviewed  the  literature  on  counter¬ 
rolling  of  the  eyes  as  a  function  of  body  tilt/  described  new  techniques  for  measurement 
of  the  roll/  and  discussed  its  significance  as  a  test  of  otolith  function.  This  report repre 
sents  a  further  step  in  defining  the  reliability  and  validity  of  counterrolling  as  a  func¬ 
tional  test  of  the  otolith  organs  by  comparing  measurements  obtained  from  a  group  of 
healthy  persons  with  those  from  a  carefully  selected  group  of  subjects  with  labyrinthine 
defects. 


PROCEDURE 


SUBJECTS 

The  significant  clinical  findings  in  the  ten  subjects  with  labyrinthine  defects/  here¬ 
after  termed  L-D  subjects/  are  summarized  in  Table  I.  These  subjects  represent  a  highly 
selected  group  of  instructors  and  students  from  Gallaudet  College  in  Washington/  D.  C. 
The  nine  normal  subjects  were  students  (seven  were  medical  students)  in  good  health, 
and  careful  evaluation  revealed  normal  hearing  and  normal  perception  of  the  oculogravic 
illusion.  All  of  the  subjects  had  participated  in  a  series  of  experiments  of  which  this  was 
one  and  had  demonstrated  excellent  and  intelligent  cooperation. 

APPARATUS 

The  apparatus  consisted  of  a  chair,  mounted  on  a  ring  support,  which  could  be  ro¬ 
tated  by  means  of  a  hydraulic  power  system  75  degrees  in  a  clockwise  or  counterclock¬ 
wise  direction  from  the  upright  (zero  degree)  position.  Provision  was  made  for  ensuring 
body  restraint  within  the  chair  in  all  positions  of  tilt/by  various  beltS/Straps,  and  side 
supports.  The  subject's  head  position,  considered  more  critical,  was  held  rigid  by  1) 
a  bite  bar,  2)  a  horizontal  metal  band  which  wrapped  around  the  forehead  and  forced 
the  head  firmly  back  into  a  v-shaped  support  lined  with  dense  foam  rubber,  and  3)  a  wide 
metal  band  extending  over  the  top  of  the  head.  The  bite  bar  and  forehead  band  were 
covered  with  dental  impression  material  and  individually  fitted  to  each  subject.  A  35  mm 
camera  equipped  with  telephoto  lens  and  bellows  was  mounted  on  a  bracket  attached  to 
the  "ring"  in  front  of  the  subject.  It  was  supported  on  a  stage  which  could  be  precisely 
moved  along  the  three  major  coordinates  in  space  and  locked  in  position.  As  a  result, 
the  camera  and  head  (body)  were  tilted  os  a  unit.  An  electronic  flash  unit  was  position¬ 
ed  for  illumination  of  the  subject's  right  eye.  A  small  target  requiring  foveal  fixation 
for  resolution  was  centered  within  the  camera  lens  by  reflection  in  a  clear  glass  plate. 
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Table  I 

Clinical  Findings  and  Results  of  Functional  Tests  of  Auricular  Organs  in  Subjects  with  Labyrinthine  Defects 
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METHOD 


After  the  subject  was  positioned  in  the  tilt  chair  and  all  his  supportive  appliances 
attached,  he  was  requested  to  fixate  the  target.  The  left  eye  was  occluded  with  an 
opaque  patch.  The  camera  was  then  adjusted  so  that  the  subject's  right  eye  was  in  focus 
and  centered  on  the  ground  glass  screen.  The  chair  was  tilted  at  about  l®/sec  laterally 
around  the  subject's  frontal  plane  in  steps  of  25  degrees,  first  clockwise  from  the  upright 
(zero  degrees)  starting  position  until  the  limit  of  +75  degrees  was  reached.  Next  the 
subject  was  returned  to  zero  degrees  and  then  tilted  counterclockwise,  in  succession, 

-25,  -50,  and  -75  degrees.  After  rotation  to  each  position,  at  least  two  minutes  elapsed 
before  the  eye  was  photographed.  Photographs  were  taken  on  at  least  four  separate 
occasions  at  each  angle  of  tilt. 

Counterrolling  was  measured  by  superimposition  of  photographs  of  the  eye  obtained 
with  the  subject  upright  (reference  image)  and  when  tilted  (test  image).  The  latter  photo¬ 
graph  was  rotated  until  landmarks  on  the  two  images  of  the  iris  were  aligned.  The  equip¬ 
ment  used  is  illustrated  in  Figure  1 .  Two  standard  slide  projectors  (PI,  P2),  one  of 
which  was  equipped  with  an  adjustable  film  strip  holder,  v/ere  positioned  at  right  angles 
to  each  other.  A  pellicle  (PL)  reflecting  surface  (reflectance:  transmittance,  1:1),  at 
an  angle  of  45  degrees  to  both  projectors,  was  used  to  superimpose  the  two  projected 
images  (enlarged  about  300  times  actual  size)  on  a  screen  placed  at  a  distance  of  20 
feet.  A  device  (C)  containing  a  dove  prism  was  placed  before  one  projector.  Rotation 
of  the  prism  in  minutes  of  arc  was  indicated  by  a  circular  vernier  scale.  Four  measure¬ 
ments  were  made  on  each  photograph  and,  as  found  in  a  previous  study  (4),  the  mean 
deviation,  on  the  average,  equalled  about  +  5  minutes  of  arc. 

RESULTS 

Average  counterrolling  values  in  minutes  of  arc  as  a  function  of  leftward  and  right- 
ward  tilt  are  given  in  Table  II  and  plotted  as  closed  circles  in  Figure  2,  for  both  groups 
of  subjects:  normals,  left  hand  column  and  L-D,  righthand  column.  Plotted  as  open 
circles  In  Figure  2  are  the  values  obtained  for  different  trials  at  a  given  body  position. 

It  is  seen  that  there  was  considerable  variance  in  these  values  and  that  this  variance  was 
about  the  same  for  both  groups  of  subjects  and  for  all  body  positions.  This  variance  was 
greater  than  one  degree  in  about  one  fourth  of  the  series  of  measurements  for  each  body 
position.  In  an  earlier  communication  (1),  it  was  pointed  out  that  some  of  the  variance 
might  be  due  to  "dynamic  instability"  of  the  eye  at  any  given  body  position.  Occasional 
gross  differences  might  have  been  dje  to  loss  of  fixation  or  shift  in  head  position. 

The  values  for  the  normal  subjects  show  a  relatively  high  ratio  of  counterroliing  to 
tilt  in  the  first  25  degrees  from  the  upright,  o  lower  ratio  between  25  and  50  degrees, 
aid  usually  a  reversal  In  direction  between  50  and  75  degrees  (Figure  2).  The  pattern 
is  simila-  for  all  normal  subjects  in  both  leftward  and  rightward  tilt.  The  counterroliing 
index  (Cl),  calculated  as  one-half  the  difference  between  the  greatest  mean  right  and 


3 


£ 

3 

,g> 

iZ 


4 


Equipment  Used  in  Measuring  Counterrolling  on  Photographs  of  the  Eye 


Table  II 


Mean  Counterrolling  Values  in  Minutes  of  Arc  as  a  Function  of  Head  (Body)  Tilt  for 
Normal  and  Labyrinthine  Defective  Subjects  Ranked  According  to  Their  Counterrolling 

index  (Cl) 
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SCALE: 


Each  Unit  *60  Min. 


HEAD  (BODY)  TILT  IN  DEGREES  HEAD  (BODY)  TILT  IN  DEGREES 

Figure  2 

Mean  Countenoiling  Values  Platted  as  a  Function  of  Leftward  and  Rightward  Tilt 
Left:  Normals  Rjght:  L-D  Subjects 

Closed  Circles:  Average  Values  in  Minutes  of  Arc 
Open  Circles:  Values  for  Different  Trials  at  a  Given  Body  Position 


and  greatest  mean  left  torsion,  ranged  from  286  to  465  minutes  of  arc.  With  three  ex¬ 
ceptions,  two  leftward  and  one  rightward,  there  was  little  interindividual  variance  in 
the  curves  of  the  normal  subjects  between  -25°  and  +25°. 

The  values  obtained  for  the  L-D  subjects  did  not  overlap  those  for  the  normal .  The 
nearest  approach  to  overlapping  values,  using  combined  left-right  values,  was  286 
minutes  of  arc  in  the  case  of  a  normal  subject  and  176  minutes  of  arc  in  the  case  of  an 
L-D  subject.  There  were  no  overlapping  values  even  when  rightward  or  leftward  tilt 
was  compared.  In  the  L-D  group  the  counterrolling  index  ranged  from  30  to  176  minutes 
of  arc.  In  two  instances  counterrolling  was  almost  nil,  in  one  it  was  limited  to  right- 
ward  tilt,  and  in  others  there  was  a  small  but  nearly  straight  line  relation  between 
counterrolling  and  tilt  (Figure  2,  righthand  column).  The  interindividual  variance  in 
absolute  values  was  less  than  in  the  normal  subjects  but  relative  to  the  amount  of  counter¬ 
rolling  it  is  considerable. 


DISCUSSION 

The  reliability  of  the  method  used  to  measure  counterrolling  was  good  insofar  as 
repeated  measurements  from  the  same  photograph  were  concerned,  but  considerable 
variance  was  found  in  measurements  obtained  from  several  photographs  taken  for  the 
same  body  position.  The  greater  the  counterroll  for  a  given  angle  of  tilt,  the  greater 
the  reliability  of  the  measurement;  hence,  greatest  reliance  was  placed  on  the  measure¬ 
ments  obtained  at  25  degrees  and  successively  less  at  50  and  75  degrees.  Combining  the 
measurements  obtained  on  leftward  and  rightward  tilt  increased  the  reliability  of  counter- 
rolling  for  two  reasons;  first,  because  the  total  roll  was  greater  and  second,  because 
left-right  differences  were  minimized,  especially  those  in  which  right-left  "symmetry" 
could  be  restored  by  shifting  the  "zero"  or  "neutral"  position.  For  screening  purposes 
and  for  most  investigations  involving  comparative  measurements  of  counterrolling  itwould 
suffice  to  measure  the  amount  of  counterrolling  at  25  degrees  rightward  and  leftward  tilt. 
Here  the  signal -to -error  ratio  is  most  favorable,  and  fixation  of  the  body  and  head  is  most 
easily  accomplished.  The  addition  of  the  two  volues,  neglecting  sign,  could  be  used  as 
a  single  value  or  index  of  counterrolling  ratio  of  roll  to  tilt  (Cl). 


The  striking  difference  in  the  findings  between  the  normal  and  L-D  subjects  must 
hove  been  due  to  the  loss  of  function  of  the  sensory  organs  of  the  inner  ear.  There  is 
no  evidence  that  the  counterrolling  reflex  is  released  by  the  organ  of  Corti  and  insuf¬ 
ficient  evidence  that  it  originates  in  the  semicircular  canals  (5)  but  good  evidence  that 
it  is  released  by  the  otoliths  in  animals  (6,7)  and  in  man  (8-10).  It  may  be  concluded 
that  the  reduction  in  counterrolling  in  the  L-D  subjects  was  the  result  of  injury  to  the 
otoliths. 
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This  still  leaves  for  consideration  the  explanation  for  interindividjal  differences. 

In  the  L-D  group  they  must  be  ascribed  either  to  residual  function  of  the  otolith  apparatus, 
to  some  other  origin  such  as  a  "cervical  reflex"  (7,9, 10),  or  to  artifact.  The  last  would 
be  revealed  either  as  an  occasional  or  constant  error,  neither  of  which  would  explain  the 
curves.  With  regard  to  the  cervical  reflex,  we  sought  to  avoid  it  by  fixing  the  head 
relative  to  the  thorax.  That  we  succeeded  or  failed  in  a  perfectly  consistent  manner  is 
beyond  the  realm  of  possibility.  Hence  we  were  led  to  the  conclusion  that  residual 
otolith  function  was  the  most  probable  explanation  for  "significant"  amounts  of  roll .  The 
difference  between  the  extremes  is  distinct,  but  this  leaves  a  middle  group  in  which  a 
demarkation  is  difficult. 
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